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on the clock period, although both the-
oretical and experimental work point 
to the rates controlling phosphoryla-
tion and protein degradation as hav-
ing a larger effect on the clock period 
than the rates of transcriptional regula-
tion (Dibner et al., 2009; Gallego et al., 
2006). More broadly, could tempera-
ture compensation be a property of 
the circadian network architecture that 
appears to be conserved across many 
species? Does temperature compensa-
tion occur in a similar way in organisms 
(such as, cyanobacteria and the model 
plant Arabidopsis thaliana) that keep 
time using clocks with a very differ-
ent network structure than that found 
in Neurospora? These questions aside, 
circadian phosphorylation cycles 
are clearly essential for clocks from 
cyanobacteria, insects, and mammals 
(Gallego and Virshup, 2007). In fact, in 
a reconstituted cell-free cyanobacte-
rial clock, the circadian cycle of KaiC 
phosphorylation is temperature com-
pensated in the absence of transcrip-
tion and new protein synthesis (Naka-
jima et al., 2005). The findings of Mehra 
et al. and Baker et al. now demonstrate 
the importance of phosphorylation in 
temperature compensation in Neuro-
spora. These exciting studies provide 
mechanistic insight into a fascinating 
but poorly understood process and 
explain how Neurospora can keep an 
accurate beat as life heats up.
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Caspase-8 is activated at the plasma membrane by the death-inducing signaling complex (DISC). 
Jin et al. (2009) show that polyubiquitination of caspase-8, rather than targeting it for proteasomal 
degradation, is critical for sustaining caspase-8 activity after dissociation from the DISC.The fate of many cells in vertebrates is 
governed by the extrinsic apoptosis path-
way in which the binding of proapoptotic 
ligands to death receptors at the cell 
surface causes receptor clustering and 
recruitment of the adaptor protein FADD. 
This leads to activation of the initiator cas-
pases-8 and -10 to form the death-induc-
ing signaling complex (DISC). Substantial 
biochemical and structural data support 
a model in which the DISC traps FADD 
in a conformation that allows binding of 
caspase-8 (Scott et al., 2009), leading to 
the activation of caspase-8 by dimeriza-
tion (Keller et al., 2009). Activated cas-
pase-8 then removes its own recruitment 
domains and translocates to the cytosol, 
where it is thought to deliver the knockout 604 Cell 137, May 15, 2009 ©2009 Elsevier Iblow by activating the downstream apop-
totic machinery. However, the caspase-8 
dimer is too unstable to exist for long 
once released from the DISC (Donepudi 
et al., 2003, Pop et al., 2007). This raises 
a key question: how is the active cas-
pase-8 dimer maintained for long enough 
to activate its downstream targets once 
removed from the DISC? Ashkenazi and 
coworkers now propose an unusual and 
elegant mechanism for the stabilization of 
caspase-8 that involves polyubiquitina-
tion (Jin et al., 2009).
The mechanism described by Jin et al. 
provides an intriguing new connection 
between ubiquitination and the apoptotic 
pathway. According to their findings, sta-
bilization of caspase-8 is dependent on its nc.polyubiquitination by the cullin3 ubiquitin 
E3 ligase. This modification does not lead 
to caspase-8 degradation, but instead 
promotes its aggregation and stabiliza-
tion. Therefore, ubiquitination is a direct 
gain-of-function event for caspase-8 
activity. A more conventional role for the 
ubiquitin system in regulating caspase 
activity through degradation of caspases 
or their modulators has been explored by 
many investigators (Vaux and Silke, 2005). 
Ubiquitination of caspases in the fruit 
fly Drosophila has recently been shown 
to negatively regulate caspase activity 
independent of degradation (Ditzel et al., 
2008), but direct activation by ubiquitina-
tion is a new idea, and the article by Jin et 
al. provides extensive corroboration.
Jin et al. use mass spectrometry to 
analyze DISCs induced by the ligand 
TRAIL and identify the E3 ubiquitin 
ligase CUL3 as a component of the 
complex. CUL3 is a member of the 
cullin-RING ligases, which are multi-
subunit complexes consisting of a sub-
strate-binding moiety (a BTB-domain 
in the case of CUL3), a RING-finger 
ligase (RBX1 for CUL3), and a cullin 
bridging the two. Knockdown of RBX1 
or CUL3 reduces the amount of polyu-
biquitinated caspase-8. This reduces 
the recruitment of caspase-8 to the 
DISC and decreases caspase-8 activ-
ity, resulting in attenuated cleavage of 
downstream caspases and a reduction 
in apoptosis. This outcome is reversed 
by the deubiquitinating (DUB) enzyme 
A20, suggesting that there is a dynamic 
balance in the ubiquitin-mediated 
activity of caspase-8.
Once polyubiquitinated at the DISC, 
caspase-8 recruits the ubiquitin-binding 
protein p62/sequestosome-1 in a CUL3-
dependent manner. Thus, p62 recruit-
ment appears to be specific for ubiq-
uitinated caspase-8, and the complex 
translocates to cytosolic ubiquitin-con-
taining speckles, called aggresomes, in 
a p62-dependent manner (Figure 1). This 
is a singularly significant result given 
the many roles hypothesized for p62. 
The final act of the drama places active 
caspase-8 under the influence of p62 
in cytosolic speckles. In the absence of 
p62, caspase activity and apoptosis are 
diminished, but not abrogated, suggest-
ing that p62 has an important but non-
essential role in controlling the extrinsic 
apoptosis pathway. Hence, these find-
ings suggest a mechanism by which cas-
pase-8 activity is sustained by p62. p62 
ensures that cleaved caspase-8, which 
is poised to dissociate from the DISC 
upon removal of its recruitment domains, 
remains dimeric due to its aggregation 
into speckles within the cytosol.
This work raises new questions and 
has far-reaching implications. It is not 
clear whether caspase-8 must be trans-
located to speckles to achieve its full 
apoptotic potential, or whether binding 
by p62 alone is sufficient. One way to 
test this would be to prevent dissociation 
from the DISC by mutating the autolytic 
cleavage sites in caspase-8 that sepa-
rate the recruitment domains from the figure 1. cUL3/RBX1-Mediated Ubiquitination of Activated caspase-8
The proapoptotic ligand TRAIL binds to its receptor DR4/5, leading to the recruitment of the adaptor 
protein FADD (1). This initiates caspase-8 recruitment, dimerization, and activation. Caspase-8 is polyu-
biquitinated at the death-inducing signaling complex (DISC) by the neddylated form of CUL3/RBX1, per-
mitting p62 binding (2). Autoprocessing of caspase-8 separates its recruitment and catalytic domains (3). 
The catalytic component is transported by p62 to ubiquitin (Ub)-rich “aggresomes” in the cytosol, where 
it maintains its activity through the stabilization of its dimeric conformation (4).catalytic domain. It is also important to 
recall that caspase-8 has roles unre-
lated to apoptosis. For example, T cells 
deficient in caspase-8 exhibit impaired 
clonal expansion after antigen receptor 
crosslinking. Is this activity also depen-
dent on CUL3 and p62? Components 
of the DISC are implicated in both the 
apoptotic and proliferative roles of cas-
pase-8, possibly through interactions 
with the autophagic system (Bell et al., 
2008). Given that p62 is at the inter-
section of the autophagic and ubiquitin 
systems (Moscat et al., 2007), does p62 
control the opposing cellular functions of 
caspase-8?
The work by Ashkenazi and col-
leagues demonstrates that a caspase 
can be positively regulated by ubiq-
uitination and opens up new avenues 
within the caspase and ubiquitin fields. 
The effect seems to be unique for cas-Cell pase-8. Caspase-10 is not ubiquit-
inated by CUL3 even though it shares 
with caspase-8 the conserved lysine 
upon which the main ubiquitination 
takes place. Is there perhaps a highly 
active deubiquitinating enzyme that 
constantly removes ubiquitin from cas-
pase-10? The role of the DUB A20 in 
regulating CUL3-dependent ubiquit-
ination has some interesting therapeu-
tic possibilities, as does the possibil-
ity of regulating the activity of CUL3, 
which requires the ubiquitin-like modi-
fier Nedd8 for its activity (Huang et al., 
2009). Any mechanism that stabilizes 
caspase-8 ubiquitination by CUL3, 
such as inhibition of A20 or Nedd8-
removing enzymes, would be expected 
to sustain caspase-8 activity. The work 
by Jin et al. (2009) provides the proof of 
principle for future cancer therapeutics 
based on this concept.137, May 15, 2009 ©2009 Elsevier Inc. 605
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Embryonic stem (ES) cells are charac-
terized by two distinguishing attributes: 
their ability to adopt any cell fate (pluri-
potency) and their unlimited capacity 
for self-renewal. These unique abilities 
are maintained by a core network of 
transcription factors, including OCT4, 
SOX2, NANOG, and KLF4, that coop-
erate in complex regulatory circuits to 
ensure appropriate ES cell behavior. 
The importance of posttranscriptional 
control in diverse biological processes 
suggests an additional level of regula-
tion of stem cell phenotypes. Indeed, 
numerous lines of evidence now impli-
cate the microRNA (miRNA) family of 
posttranscriptional regulators as central 
players in the maintenance of normal 
ES cell function. Now, Xu et al. (2009) 
report in this issue of Cell that miR-145, 
an miRNA induced during differentia-
tion, directly silences the stem cell self-
renewal and pluripotency program.
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Genetic disruption of the essential 
miRNA biogenesis factors Dicer and 
Dgcr8 in the mouse results in numer-
ous defects in ES cell behavior, includ-
ing impaired self-renewal, diminished 
expression of pluripotency markers, and 
a failure to execute induced programs of 
differentiation (Kim, 2008). Recent stud-
ies have begun assigning the activity of 
specific miRNAs to these critical ES cell 
functions. For example, the miR-290 clus-
ter (expressed in the mouse), the miR-371 
cluster (expressed in humans), and the 
miR-302 cluster (expressed in both) are 
direct regulators of the cell cycle in ES 
cells (Figure 1). Interestingly, the promot-
ers of each of these miRNA clusters are 
bound by core ES cell transcription fac-
tors, and each cluster encodes miRNAs 
with a shared seed sequence that is very 
similar to that of the oncogenic miR-17 
family. Repression of the cyclin-depen-
dent kinase inhibitor Cdkn1a (p21), a 
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rapid transit through the cell cycle, a key 
aspect of stem cell self-renewal.
Beyond this established role for 
miRNAs in ES cell proliferation, it is 
less clear whether miRNAs contribute 
to the restricted expression of pluripo-
tency factors during stem cell differen-
tiation. Recent work in murine ES cells 
has uncovered evidence for the miRNA-
mediated regulation of pluripotency 
factors (Tay et al., 2008), but the extent 
and importance of endogenous miRNAs 
in the regulation of the human ES cell 
core transcriptional network remains 
unknown. In their new work, Xu et al. 
(2009) address this issue by demonstrat-
ing that miRNAs regulate the expression 
and function of the human ES cell pluri-
potency machinery.
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